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Organization of Presentations

1. Overview of hydrogeologic factors affecting
models in the SS030 (including ST054, ST057, &
S$S084 sub-areas), OU5 (SS083 & FT082), and
OT071 areas

2. SS030, including ST054, ST057, & SS084 sub-
areas, Hydrus model setup, calibration, and
results. Benzene modeling compound of concern.

3. OU5, SS083 and FT082, Hydrus model approach.
TCE modeling compound of concern.

4. OT071 Hydrus model approach. Dieldrin modeling
compound of concern.
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Site Management

$S030—Petroleum hydrocarbon; benzene primary COC

m Vadose zone soil contamination at and above the top of the
Upc||oesrsl(\)guifer water table addressed in Sites ST054, ST057,
an 4

ggsgoL and groundwater contamination addressed in Site

m SS030 Hydrus model included in several reports
m OU5—Chlorinated hydrocarbons; TCE primary COC
Vadose zone contamination managed in SS083 and FT082
Groundwater managed in OT069e

SS083 and FT082 have separate TCE groundwater plumes
and will be modeled separately

m OT071—Dieldrin contamination will be modeled from
ground surface to the Lower Aquifer as colloidal-
enhanced migration.
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Overview of Factors Affecting Hydrus
Modeling—SS030 Examples

Hydrogeology
m Lithology and 3D data modeling using RockWorks 17 software

Geotechnical properties of lithologic units that affect vadose zone
and groundwater contaminant flow and transport

Recharge—natural and man-made
B Groundwater flow directions and gradients

@ LNAPL and vadose zone contaminant sources
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3D Modeling Process

*Boring logs,
analytical data,
etc.

3D data gridding
(various methods)

Topography, water level
elevations, structural
surfaces, etc.

Concentration
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SS030 Boring Logs (n = 519)
and Lithologic 3D Model
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Cross-Sections from 3D
Models

m All data in one XYZ coordinate system and one database

Two types of cross-sections
Profile sections

® Straight-line section between two selected points with a “swath” to post
wells/borings along profile line

m Swath width defined by user (e.g. 100 feet on either side of profile line)
m Well-to-well section
# Between wells/borings along section line. Line can “zig-zag” between welis

# Only wells/borings intercepted are posted on cross-section

m Sections internally consistent no matter what is included

Sections show well construction, concentrations, lithology,
etc. at well/boring locations.

m Various surfaces, e.g. topography, water tables, structural
surfaces, are in RockWorks database and can be shown
along profile and well-to-well sections.
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High-Concentration Well-to-
Well Benzene Plume Section

Benzene Plumes and Lithology
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SS030 Lithology Distribution
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Lithologic Factors Affecting

Model Development

Lithologic modeling across GAFB shows that the MLU/PLZ is
a zone of heterogeneous lithology (clay to sand) that has
lower hydraulic conductivity than the Upper and Lower
Aquifers.

There are areas where the lithology is sand thus creating the
PLZ.

Large volumes of lower vadose zone are clays, silts, silty
sands

Based on the presence of TCE and Dieldrin in the Lower
Aquifer, there are contaminant pathways through the
MLU/PLZ. This is consistent with the lithologic model results.

Detailed, heterogeneous lithology used to develop Hydrus
model finite-element lithology compared to typical MODFLOW
model layers

Available software allows for relatively straight-forward model
development.

Integrity - Service - Excellence

ED_003054_00003464-00011



Geotechnical and Hydraulic
Conductivity Data

82 tests across GAFB
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Geotechnical Data Compilation
and Analysis

m Compiled data from 82 soils geotechnical tests into database (not all
parameters measured on all samples)

# Sample depths from 5 to 350 feet

2 Grain-size distribution and USCS soil classification
e Bulk density
g

Porosity
m Total porosity

Effective porosity

Air-filled porosity

Water-filled porosity
2 NAPL-filled porosity

# Moisture content
m Hydraulic conductivity

m Capillary curve pressure tests with van Genuchten curve-fit parameters
(air displacing water)

# LNAPL physical properties—density, viscosity, interfacial tension
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Results—Soil Types and
Hydraulic Conductivity
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&

Geotechnical Results—Density,
Porosity, Water Content
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Field Aquifer Test Results

i
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Field and Lab Horizontal Hydraulic
Conductivity Compraison

Count
Count

0
1.0e-9 1.0e-8 1.0e-7 1.0e-6

Pumpina and Slua Text Kr (cm/sec) N = 97 Laboratorv Kr (cm/sec) 70

Kr Comparison

Mean 52e-3 2.1E-03

’&,‘; Geometric Mean 8.3e-4 3.0E-05

g Median 5.5e-4 6.8E-05

) Std Dev 1.0e-2 4.2E-03
2 N 97 70

Mean Geometric Median Minimum 71e7 4.9E-09

Mean Maximum 57e-2 1.9E-02

BField Tests mlab Tests Summary Statistics Comparison
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Field and Lab Horizontal Hydraulic
Conductivity Compraison
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Sample |ID

SB-60-127

MW-104-132.5

van Genuchten Values from

Depth (ft)

Median
grain-size

Fine sand

Total
Porosity
(fraction)

2.01E-03

1.72E-02

Sr (frac)

GAFB Capillary Pressure Tests

Hydraulic
Conductivity
{cm/sec)

6.93E-05

1.68E-03

o van Genuchten alpha parameter

n van Genuchten n parameter

Sr Residual saturation

Additional van Genuchten parameter
values are obtained from API
database.
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van Genuchten Parameters

van Genuchten equation developed by Martinus Th. Van
Genuchten in 1980 to improve on the Brooks-Corey
equation at low water saturation values

m Relates water content to capillary pressure in air-water
variably-saturated conditions

m Extended to other two-phase systems
NAPL-water
NAPL-air

Determined by curve fit to capillary pressure tests

Relative permeability determined by substituting van
Genuchten parameters into Mualem (1976) equation

that determines relative permeability to the capillary
pressure curve

m Widely used in vadose zone and NAPL model codes

Integrity - Service - Excellence
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Example van Genuchten Curve
Fit and Data

VAN GEMUCHTEN CAPHLARY CURVE FIT
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Recharge

Natural and Artificial
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Recharge from Precipitation

Comparing average annual precipitation of 156.7 cm/yr (6.2
in/yr) to average annual evapotranspiration (ET) of 171.3
cm/yr (67.4 in/yr) may lead to erroneous conclusion that
recharge is negligible

Examination of daily data shows that most precipitation
events occur in winter when ET is low and highest ET is in
summer when precipitation is low

Hydrus modeling indicates that the annual recharge to the
Upper Aquifer water table is ~3 cm/yr (~1 in/yr)

Multiple precipitation events over a short period of time can
generate shallow recharge “pulses” that are smoothed out
deeper in vadose zone

In following slides, flux = volume of water/time period; e.g.
cm?/d = Daily precipitation (cm3/d)/model width (cm)

Integrity - Service - Excellence %
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CIMIS Station 117 Annual
Precipitation

CIMIS Station 117 Annual Precipitation and Evapotranspiration

Annual Precipitation {cm)

3.8
1994 1998 2002 2006 2010 2014 2018
Qe £ y1iial Precipitation fomd = == Annual Ave. Precip. {om) Annual ET {omd == » sAnnual Ave. ET {om)
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CIMIS Station 117 Precipitation
and Evapotranspiration

Victorville CIMIS Sta. 117 Meteorological Data
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lllustration of How Recharge
Propagates thru Subsurface

Mal‘ly faCtO s affect Relative Permeability (k) and Effective vG Water
Saturation (S,
calculated recharge to . aturation (Seu)
water table ~~_ >
_— . 0.90 :
® Precipitation frequency and
amounts £ 080 \\
Season S0 _
= - @ .
® Antecedent soil moisture E 60
m Daily evapotranspiration E 050 \ |
57 i 2 Se= 0.95
e thhOIogy % 0.40 o j_,‘ krw =0.32
m Relative permeability g T
£ 0.30
m Ratio of effective permeability to a
saturated permeability, scale 0 to 1, & 020
non-linear, function of transient
water content 010
w Defined by van Genuchten/Mualem, \.
Brooks-Corey, or Kosugi 0.00
parameters (|n Hydrus) 0.01 0.1 1 10 100 1000

Capilary Pressure (cm water)

s \N\ftr Krww = e vG Water Sat. Sew
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Hydrus Recharge Example

.

N

Example from OT051
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Model Flux {cm2/d)

50

-100

-150

-200

-250

-300

Precipitation Events Generate
Recharge “Pulses” in Hydrus

Smoothed Precipitation and ET Data with Hydrus Model Shallow and Deep Fluxes
{(More negative flux = higher downward groundwater flow)
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Enhanced Infiltration Areas

Legend

Groundwater Monitoring
Wall

7 Enhanced Infiltration
Area

] Petrolaum Site
Boundary
5 SS030 Site Boundary

arner George Al
i Force Dase Boundary

NPP
Oct 1996 - March 2003

AdLSTP
Sept 1998 - presen

Ba;se Housin
19611504

Ball Field
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1964.presen

N
}‘ 0 1,250 2,500
k [ — TR
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Enhanced Recharge Impacts

Upper Aquifer—Major water level impacts on SS030
2 New percolation ponds (NPP)—1996 to 2003

Adelanto sewage treatment plan (Adl. STP)—1998 to present
m Upper Aquifer—Major water level impacts on other areas
Base housing—1961 to 1994

Golf course—1964 to present

Golf course/water tower pond—1964 to present

m Upper Aquifer—Minor water level effects

Sewage treatment plant (STP)—1991 to 1996

Ball field—19617? to present

Schmidt Park—19617? to present

m Lower Aquifer—Major water level effects

VVWRA ponds—2001 to present

Potentially Adelanto sewage treatment plant

Integrity - Service - Excellence
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SS030 Water Level Changes—
1996 to 2016

Change 1996/2003 to 2005/2010 Change 2005/2010 to 2016

uill

Count

Decline «

i
I
: » Rise Decline <
+ Positive (+) values represent water level rise

* Negative (-) value represent water level decline

» Range of dates used because of time-lag in water
level response from various events
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NPP-Related SS030 Water
Level Changes

— , , NZ-17 Hydrograph
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Legend

Hydrograph Wel
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Impact of Adelanto STP
Infiltration on Upper Aquifer

,,,,,,,,,,,,, Water levels have risen 40+ feet on west side of GAFB
with gradient away from ponds (0.005, rise extend ~
mile)

B Water levels have risen 3 to 5 feet at south end of
SS030

® No obvious rise at north end of SS030

Major impact on groundwater gradient across SS030
0.0016 to northeast in 2000

0.0017 to east/northeast in 2003

0.0022 to east/northeast in 2005

0.0034 to northeast in 2010

0.0043 to east/northeast in 2016

Used 2016 gradient in Hydrus modeling

Integrity - Service - Excellence 5
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Hydrographs lllustrating Impact of
Adelanto STP on Water Levels
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SS030 LNAPL Plume
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LNAPL Volume Update

# Historical volume calculations

m 832,000 gallons in 1998 (using 1997 data) vs 2.3 million gallons in
2002 vs 2.1 million gallons in 2009

m All three using same basic LNAPL specific volume and kriging
methods

m 1998 calculations used site-specific van Genuchten parameter values
while 2002 and 2009 calculations used literature values

m 2016 Re-estimate
m van Genuchten parameters

m Site-specific values for SW & SP sands, silty sand, and silt

2 API| database values for clays and clayey sands

m Updated and consistent lithology along Upper Aquifer water table

Same basic specific volume (LDRM) and kriging routines as previous
estimates

B 10’ spacing point grid GIS methods instead of contour-area
interpolations for volume calculations

Integrity - Service - Excellence
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LNAPL Volume and Mobility

Variables

van Genuchien-Mualem Model of LNAPRL Distribution ang Belative Permeghility

Enter Data in Yellow Region

Baximum Monltoring Well
LMAPL Thickness [feet]

b, = 3.000 Different values }
for each soil |
Soil Characteristic type
= 1420 pornsity
= 2,060 yan Genuchten “HY

0= 1.240 van Genuchten “e® [t
Sy = 0.240 ireducible water saturation
Sore = 0.050 residual LMAPL saturation {vadose)
Sigrs = 0110 residual LMARL saturation {asturated)

Fluid Characteristics:

g = 0790 LMARL density fomden]

Taw = 71.000 airfwater surface tension [dynafom]
Tgn = 24 0003 airfLMAPL surface tension [dynefom]
Ty = £26.000 LMNAPLSweater suface tension fdynefom)

Latnulzted Paramaters

[ = 0 R15
Cgp = 2858
v 0660
Zao = 0630
T = -2.370

S disnlanens

Data from site-specific |
capillarity tests
preferable or API

Set Tools> Doy

Manual”

i database
Fress Cirl+Shif
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LNAPL Saturation Curves

SP Sand, 3 ft. LNAPL, and site-specific van Genuchten Values

frreducible water

[Potentially mobile |
irreducible LNAPL |

2.50 water saturation
~ vadose zone saturation J i DY i L
2.00 — .,
Potentially |
1.50 R mobile LNAPL |
1.00

o
o
=)

Elevation (ft)
(=]
=

-0.50

-1.00 \
-1.50 1 Irreducible LNAPL |
groundwater saturation |
-2.00 ¢ >
:
-2.50
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
Fluid Saturation or LNAPL Relative Permeability (fraction)
Water Saturation LNAPL Saturation === LNAPL Rel.Perm. = « Water Table L NAPL in Well
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Difference in LNAPL Saturation: Site
vs Literature van Genuchten Values

SP Sand, 3 ft. LNAPL, and site-specific SP Sand, 3 ft. LNAPL, and literature van
van Genuchten Values Genuchten Values
2.50 2.50
2.00 - 2.00 —T
1.50 1.50
1 \M
1.00 1 00 “%mmmmmmmmmmmmmmmmmmmw
£ 0.50 £ 0.50
5 5
= 0.00 = 0.00
© ©
= >
2 .0.50 2 .0.50
w w
-1.00 -1.00
-1.50 -1.50
¢
-2.00 -2.00
-2.50 i -2.50 !
0.00 0.20 0.40 0.60 0.80 1.00 0.00 0.20 0.40 0.60 0.80 1.00
Fluid Saturation or LNAPL Relative Fluid Saturation or LNAPL Relative
Permeability (fraction) Permeability (fraction)
Water Saturation = | NNAPL Saturation Water Saturation = | NAPL. Saturation

= e | NAPL Rel. Perm. == « «\Water Table == | NAPL Rel. Perm. == » +\Nater Table
=] NAPL in Well : LNAPL in Well
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Lithology at Upper Aquifer
Water Table

8 Fres Product Extraction Well

% Groundwater Moniloring Wl

weesllpn Cirousnichventer Fioy Diraction drrow
w2018 SH030 LA Bxtant
¢t BBO30 Site Boundary
Wall Graded Sand\Wel Graded
Sand with 5iY
Puoddy Graded SandPooely Graded
it wvithy S

Integrity - Service - Excellence
ED_003054_00003464-00046



800,000

700,000

600,000

500,000

400,000

300,000

LNAPL Volume (gal)

200,000

100,000

2016 SS030 LNAPL Volume
Estimates

SS030 LNAPL Volumetrics

760,000

730,000

520,000

320,000
300,000
310,000

280,000

136,000

1997 2002 2009

B Total Volume [ Potentially Mobile Volume
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SS030 LNAPL Skimming Mass
Recovery

58030 LNAPL Skimming Recovery

30,000 : 300,000
25,000 - 250,000

&,808 gall ¥

23,470 :
| _ o
& 20,000 S5 200,000 &
53 &
& g
@ &
8 8
S 15,000 - 150,000 &
3 . o
= =
sesed 2o
& 12,094 5
. -

Z
5 10,800 4 100,000 £
S
y = 2F
5000 - R 50,000
‘30 ]
0 - - ' Bft—p— O

Jan-95% Dec-86  Dec-898 Dec-00  Dec2 Dec-04  Dec(if  Dec-88  Decll  Dec-l2  Dec-ld Decif

i Rrsrihal Recovery O  Regression Point s Cugrriitlative Recovery e Exp. Decay Curve
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SVE Mass Recovery—Mostly

LNAPL

Sarmabainy TRy SREmeRd BUETEY peunds .

Al
g0

B ]

2 & b3 B kS & B 2
& & & & & o & &
1ol k4 B & & F &/ 3 5
24 X % g e 3 ] %
Ay
€ Tood

ST057

LNAPL Equivalent Volumes
= ST054—144,000 gal.

= ST057—152,000 gal.
= SS084—84,000 gal.

Used 6.3 Ib/gal for LNAPL density

Original vadose zone mass estimated
as 60,000 gal (HGL,2002)
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LNAPL Volume (gal)

900,000

800,000

700,000

600,000

500,000

400,000

300,000

200,000

100,000

LNAPL Volume Mass Balance

Original LNAPL/Vadose and Remediation Volumes (gal)

224,800

LNAPL + Residual
1 Remaining Volume
$S084 SVE

STO57 SVE

ST054 SVE

LNAPL Skimming

Initial Volume Volume Removed

Initial volume includes 1997 LNAPL
volume of 760,000 gallons plus the
2002 estimate of 60,000 gallons of
vadose zone residual contamination.
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SS030 LNAPL Volume
Summary

® Remaining LNAPL volume between 215,000 (mass
balance) and 280,000 (2016 estimate) gallons

m Primary difference between historical volume
estimates related to selection of van Genuchten
parameters—Iliterature vs site-specific
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Questions / Comments
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